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The spatial and temporal patterns of dispersal and the survival of Atluntic salmen
{Salmo salar L.} fry and parr were analysed over | year in a small stream of the Basque
Country {south-west France). Dispersal just after emergence was studied with eight
drift nets placed 10 to 800 m downstream from an artificial redd stocked with 15 000
eyed eggs. Subsequent distribution of parr was determined by electrofishing in June,
October, and February in representative sections of Lhe stream including habitats
750 m upstream and 2400 m downstream Irom the redd. Early dispersal following
emergence lasted 12 days for the majority (95%) of the Ity population. Most fry (71%)
seltled within the first 200 m downstream from the redd, and 91% within the first
400 m. In June, parr were found 2400 m downstream and 750 m upstream, with 68%
of the population established within 900 m downstream, and only 4% upstream. In
October, there was a slight downstream shift of densities. in February, 56% of the parr
were found within 900 m downstream and 11% upsiream. Survival from ¢gg planting

10 first dispersal in March was 51.9% and 11.3% over | year.
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Introduction

It is generally held that dispersal of Atlantic salmon at
emergence [rom the redd is limited (Egglishaw and
Shackley, 1973: Kennedy, 1982, 1988; Gustafson-
Marjanen and Dowse, 1983). Fry exhibit territorial
behaviour scon after emergence (Kalleberg, 1958).
which leads 1o a gradual dispersal from the redds {Le
Cren, 1973 Hay (1989) reported that dispersal of fry
from one isolated redd during a 4-week period was
considerable and ranged over several hundred metres
upstream and downstream. In an experiment in a 50-m
section of an artificial stream channel, Marty and Beall
(1989) found a massive downstream displacement of fry
occurring in a short time. with over 30% of the fry
population leaving the experimental section. Dispersal
can be extensive for wild parr from a single spawning
area (Vallieres and Dulude, 1990) and for hatchery-
reared salmon parr released in summer (Elson, 1957). In
our experiment we planned to study the patterns of
dispersal and survival of wild salmon juveniles at emer-
gence and during the following year in a natural stream
system with no indigenous salmon, and. in particular,
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determine Lhe exireme range of dispersal and its precise
timing over a [-year period.

Materials and methods
Study site

The experiment was conducted in the Lapitxuri Brook, a
tributary of the River Nivelle (Fig. 1) at the France-
Spain border, in the Basque Country. The Lapitxun
flows through a wooded watershed (mostly oak, chest-
nut, and alder) on primary layers of schist and quanizite
(see Marly er al. 1986. for more details). Water tem-
peratures vary between 4 and 21°C and flows between
0.06 and 10 m* s~ '. During the early part of the study
(March). discharge stayed between 0.39 and 0.51 m?s ™!
and temperatures between 7 and 14.5°C. Mo salmon
occur naturally in this part of the catchment, but there is
a population of brown trout (Salmo trutta L.). Eel
(Anguilla unguifle L.), minnow (Phoxinus phoxinus 1..),
stone loach {(Noemacheilus barbatulus L.), and lamprey
(Lampetra planneri Bloch) are other common species.
The study area was located between the INRA
experimental station and the confluence with the
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Figure 1. Situation of the study site i the Lapiixuri Braok, tributary of the River Nivelle in south-west France. Positions of the
traps and limits of sections used for elecirofishing inventories ure indicated.

Table 1. Characleristics of experimental sections and number and proportion of tepresentative subsections used during the three

clectrofishing surveys in the Lapitxuri Brook.

Subsections used for electrotishing

Areit June 1959 Oct 1989 und Feb 1989
Section Length (m} m? Per cent rapid-nifffe  Percent flat No.  Percentof arem  No.  Percent of area
& 700 3419 62.0 380 2 6.2 2 4.4
5 50 345 58.0 42.0 4 100.0 4 106.0
4 300 1 406 721 279 12 74.9 S 4.0
3 600 2733 60.2 398 7 229 7 0.0
2. 700 3951 61.6 84 4 12.0 2 5.0
l 800 4 502 5.7 423 2 6.0 3 6.4
350 16 356 3l 23

Total”

Nivelle (Fig. 1}. Its total length was 3150 m, with an
average width of 5.2 m (range 3 to 8 m) and a slope of
11%. It was divided Into six contiguous sections of
different lengths (50 to 800 m: Fig. 1, Table I}. Sec-
tions located on either side of the site selected to
establish the artificiul redd were the shortest in order
to appreciate betier the high-density gradient expected
to be found in this zone. Habitats were characterized
and quantified according to morphological and physi-
cal criteria (water velocity and depth, substratum qual-
ity} in November 1988 Two types of habitat were
identified in each section: rapid-riffle (water velocity

>04m s~', depth<0.35 m, substratum composed of
pebbles. stones, and boulders) which represented
57-72% of the surface area in the diflerent sections.
and fats (water velocity<0.4m s~ ', depth 0.3-0.6 m.
substratum of small pebbles, gravel, sand. and silt)
which represented 30—43% of the surface area (Table
1). Pools (depth>0.6 m) which covered less than 1% of
the total surface were included in the flats. The arti-
ficial redd was established between the upsiream end of
a homogenous riffle zone, 180 m long, which consti-
tuted the upstream part of section 4 and ‘a 10-m-long
fiat which formed the downstream end of section 5.
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The redd (=point 0) was located 740 m downstream
from the INRA experimental station and 2400 m
upsiream {rom the confluence of the Lapitxuri with the
Nivelle (Fig. 1).

Biological material

Eggs were collected from the Nivelle wild salmon stock
on 7 December 1988, fertilized with sperm from males of
the same stock and incubated at the INRA haichery, A
group of 15000 eyed eggs was sorted and counted,
placed in Vibert boses, and buried on 15 February 1989
in a single aruficial redd excavated at the upstream end
of the selected stretch (Fig. 1),

Emergence and early downstream dispersal

Dispersal of downstream drifing or moving ity just
alter emergence wus monitored with madified tyke nets
at the end of which wooden live boxes were attached,
The bottom of the frame supporting the net was buried
in the substratumn and the whole water column was
sampled. Each net, made ol nylon netting with 3-mm
mesh opening, had the following dimensions:. length,
1.65m; height, 0.38 m; width at the upstream end,
0.25-0.5 m, adjustable according to the desired water
flow. The flow filiered by each net was targeted to reach
a relatively low value of 5% of the total discharge. in
order to be able to operate as long us possible in
high-velocity water {0.6-0.7m s~ ') and to sample
downstream drifting or moving fry without affecting too
much the fry population size. The filtering capacity of
each net was estimated with three to 11 velocity and
depth measurements made along a transect in front of
the opening. On 13 March, nets were placed 12, 47, &6,
148, 205, 394, 591, and 789 m downstream from the
redd. Trap sites were selected in order 10 have com-
parable conditions between traps concerning depth
(no greater than 0.3 m. because of net frame height),
distance from the bank (1.5 n minimum to avoid turbu-
lences), and substratum profiles (areas with major
obstacles such as boulders or logs were avoided). The
entrance of nets were placed near or i the main flow,
where velocities of 0.50 to 0.70 m s~ ' corresponded (o
the averuge velocity of the transect. No altempt was
made Lo determine upsiream movemen! at this early
stage.

Startimg on 13 March. traps were visited every morn-
ing and the fry enumerated and removed Lo the INRA
hatchery. Samples of fry were collected every 5 days and
preserved in 4% formalin for further analysis (length,
weight. stomach content), Trapping was interrupted on
4 April by a spate. Because the number of frv caught was
low, we assumed thut it occurred at the end of the initial
dispersal phase (Marty and Beall, 1957, 1989). The nets
could not be replaced due to the high water conditions
that prevailed thereafter,

ol

Estimate of the downstream moving population

The number of downstream driflting or moving fry
passing by the i, trap (Ne,) were estimated by the daily
Ity captures in the trap {N}. divided by the average
percentage of total flow filtered by the trup (g,) accord-
ing to the formula: Ne;=N/q,. The following assump-
tions were made: fry were randomly distributed in the
water column across the stream widith when migrating
downstream and there was no net avoidance behaviour.
Adfter eniry, the fry could not escupe from the net due to
the trup design and the high water velocities.

Estimate of the resident fry population

The numbers of resident fry in a section were analysed
by the differences between the estimated numbers of fry
passing at successive traps (i and i+ 1) minus the number
of fry capured and removed (N;): Nrgi.q,=
Ne, — Ne,,,,— N,. Because it was impossible 1o est-
male. we did not 1ake mio account mortalities due 10
predation or competition, which may have occurred
during this period.

Distribution of parr

Electrofishing population inventories were conducted
around the median dates of 14 June 1989, 10 October
1989, and 28 February 1990. The De Lury method
(Seber and Le Cren. 1967) was used (two-four runs in
June, two runs in October and February) in sample
subsections ranging in size from 71 to 91 m’. each
representative of one of the two types of biotopes in each
of the six sections of stream considered. Thirty-one
subsections were glectrofished in June. They represented
6 1o 100% of the area of each section. Their number was
reduced to 23 (including an additional subsection in
section 1) in the Qctober and February inventories, with
4.4 to 100% of the area sampled {Table 1). Fish were
anaesthetized with ethyleneglycol monophenyl ether and
measured to the neatest mm (fork length). Weights 1o
the nearest 0.1 g were taken on fish in each sampled
subsection. After hundling, fish were released in their
original subsection, and distributed over its whole
surface.

Estimates of populations (Pi) and of their variances
(si*) were computed for each subsection according to the
method of Seber and Le Cren (1967) and were consid-
ered as independent. In order to homogenize computa-
tions on variances, the first two runs only were used in
the few cases where three or four runs were made in
June. According to this method, confidence intervals of
the estimates, for p=0.05, are symmetricat and are equal
to t times the standard deviation. Estimates of popu-
lations established in a given section over biotopes of the
same type (Pb), and then over the two types of biotopes
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Table 2. Number of fry captured in traps during the emergence and early dispersal period in spring of 1989 in the Lapitxun Brook
(T1=trap number I; .. .). Distance of trap downstream [rom redd in parentheses,

T1 (12 m) T2 (47 m) T3 (86 m) T4 (148 m) T5 (205 m) T6 (394 m) T7 (551 m) T8 (789 m)

133 2 0 0 0 0 0 0 0
14/3 0 0 0 0 0 0 0 0
15/3 0 1 0 0 0 0 0 0
16/3 1 0 1 0 0 0 0 0
1773 0 0 0 0 0 0 \ 0
18/3 0 0 1 0 2 0 0 0
19/3 2 0 0 0 0 0 0 0
20/3 0 g | 1 0 0 0 0
2143 | 0 0 0 0 U 0 0
223 2 0 1 0 0 0 0 ]
2313 5 10 4 0 0 0 0 0
2413 20 14 17 5 2 0 0 0
2503 38 23 16 4 5 1 2 0
2613 44 n 17 14 8 2 0 0
23 45 Kyl 28 4 6 0 0 0
28/3 8 65 22 13 4 2 0 o
291 39 53 69 28 n 13 3 0
30/3 27 42 36 11 17 3 2 1
i3 19 21 30 10 13 3 1 0

/4 12 8 36 12 22 3 4 0

2/4 9 11 25 5 5 1 5 0

34 3 7 11 g 7 5 2 0
4/4 6 8 3 0 0 0 0 {0
Total 313 357 317 117 113 33 19 |

{Pz) in the same section, and finally over the whole
experimental stream (P), were obtained according 1o the
procedure described by Bagliniére and Champigneulle
{1986), using the following formulas: Pb=ZIPi x k,
where k is the surface coefficient for one biotope type in
a particular section (i.e. k=total biotope surface/sum of
the surfaces of the sampled subsections). Pz=ZPbi. and
P=XPz.

Their respective variances (sb?, sz*, s7) were calculated
thus: sb”=Zsi? x k7, sz*=Zsb”, s7=Lsz%.

Fishing efficiency of the total runs varied from 0.76 to
1 in June, 0.86 to I in October, and 0.82 to 1 in
February.

Results
Emergence and early downstream dispersal

The daily captures are presented in Table 2. Duration
of emergence until the removal of trap | on 4 April
was 23 days (Table 2). The majority (95%) of captures
occurred within 12 days (23 March to 2 April) in the
traps closest to the redd (T1 to T3). The modal day of
captures was 27 March in Tl. 28 March in T2, 29
March from T3 to T6. The only fry found in T8 was
captured on 30 March. This shows that downstream
dispersal occurred very rapidly over the first 600 m
downstream from the redd.

Captures in trap | gave the best estimate of survival
from egg planting 10 emergence (Table 3). Since some
fry may have settled between the redd and trap 1, an
estimated number of 57 resident fry for this section,
derived from estimated density of fish which had settled
or disappeared in the area between trap | and trap 2,
gave an estimated population size of 7785 fry surviving
from egg planting to emergence and frst dispersal
{(=1270 fry captured in traps and removed +6491 fry
settled between the redd and trap 8 +24 fry moving past
trap 8, Table 3), i.e. a survival rate of 51.9%.

The estimated densities of fry settling at different
distances from the redd (Fig. 2a) were not highest
immediately around the redd, as may have been
expected, but 90-150 m downstream, in a streich of
stream very similar to the redd area. An estimated 71%
of surviving fry settled within the first 200 m down-
stream from the redd, with 59.4% in the 50-150-m zone
{Table 3). About 91% of all fry were found within 400 m
from the redd. During this early dispersal phase, very
few fry (0.4%) traveiled beyond the 800-m trap.

Fixed weights of samples of fry collected in traps TI,
T2, and T3 on three different dates (24 March, 29
March, and 2 April) were significantly different between
dates (ANOVA, F=12.43, p<0.000}) but not between
traps on the same date (ANOVA, F=1.03, p=0.362).
Mean fixed weights increased trom 0.19 g on 24 March
to 0.22 g on 2 April.
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Tabie 3, Estimated flow rate through traps (q, m* s~ '), numbers of trapped and removed fry (N,), estimated numbers of fry
arriving at the level of each trap (Ne;), numbers effectively passing each trap (Ne, — N}, numbers (Nr, ;. ) and percentage of fry
settling between {wo consecutive raps.

Variables Tt(d2m) T2@7m) T3i(8ém) T4(l48m) T5(205m) T6(3%94m) T7(5%Im) T8(789m) Total
q; 0.0405 0.0492 0.0571 0.0407 0.0549 0.0495 0.0537 0.0400
N, 313 357 317 7 113 EX) 19 1 1270
Ne; 7728 7251 5554 2874 2058 667 354 25
Ne, - N, 7145 6894 5237 2757 1945 634 REM) 241
(NF, 1)) 57+ 164 1340 2363 699 1278 280 310 6491
Per cent

of 1olal

resident Ty 0.9 25 206 363 0.7 19.6 43 4.7

*The estimated number of resident Ity between the redd and T1 was obtained by applying the density between T1 and T2 to the
corresponding area.
1The fry moving past the last trap, T8, were included 10 estimate the wotal number of residem fry (6515).

Table 4. Number of (Pz with 95% CL) and percentage of salmon juveniles found at different distances from the redd in the
Lupitxuri Brook at ditferent dates.

L . 14 Jun 1989 10 Oct 1989 28 Feb 1990
Direction of Distance from
movemenl Section redd (m) Pz Per cent Pz Per cent Pz Per cent
Upstream 6 56G-750 91+5 1.8 929 37 128 + 11 8.6
5 0-50 94 +7 Ly 603 24 3635 24
Downstream 4 0-300 1602 + 72 320 472 + 46 18.9 271 £43 18.3
3 300-900 1805 + 126 36.1 1038 = 48 41.4 554 + 53 374
2 900-1600 981 +99 19.6 725+ 31 289 422 1 36 285
1 1600-2400 432+ 64 8.6 118+ 5 4.7 MN+6 48
Totul 5005 + 187 100 2505 + 89 100 1482+ 78 100

Distribution of parr

The total estimated population size in the study zone
was 5005 parr in June, 2505 in October, and 1482 in
February (Table 4), but a small fraction of the popu-
lation could get established beyond its limits. In mid-
June, the minimal estimate for parr dispersal was 2400 m
downstream from the redd (confluence with the Nivelle
River, Fig. 1) and 750 m upstream. The majority
168.1%4) remained within the first 900 m downstream;
87.7% were found within 1600 m downstream. while a
small proportion (3.7%) settled upstream (Table 4). In
October, distribution of part was slightly different:
60.3% were within 900 m downstream from the redd,
£9.2% within 1600 m, and 6.1% upstream (Table 4).
During winter. there were no major changes and in
February, 55.7% of the population were found within
900 m downstream (rom the redd, 84.2% within 1600 m,
and 11%, upstream.

The highest densities were found over the first 300 m
in June (114 parr 100 m ~ ?; Fig. 2b). There was a shift
downstream of the highest densities towards the 300-
900-m zone in October (38 parr 100 m ™~ % Fig. 2¢). The
following February densities were still highest in the

same area (203 parr 100 m ~2; Fig. 2d), with a clear
tendency for a regular decrease in densities towards the
upstream and downstream ends of this zone. The
increase in densities in the upstream stretch (2.7 parr
100m ~ 2 in Jupe and October, 3.7 fish in February)
indicated an active upstream movement of juvenile
salmon during the winter period.

The mean sizes (with 95% CL) of parr in the Lapitxuri
Brook was 28 + 0.2 mm in April, 50.5 = 0.6 mum in June,
74.1 £ 14 mm in October, and 89.3 = 2 mm in February.
The growth of this satmon population was slower than
in the Nivelle River where in October of the same year
the sizes were 96.7 + 2.3 mm in the upper reaches and
99.0 + 2.2 mm in the lower reaches.

Numbers of fish decreased regularly over the year.
Since frv caplured in the traps were removed from the
population, we corrected the number of planted eggs to
estimate survival to the different dates of electrofishing.
The removed ry (1270) correspond Lo 2447 eggs planted
with a 51.9% survival rate. Thus, the corrected number
of eggs planted is equal to 12 553 (15 000-2447). Sur-
vival estimates from egg planting (o the June, Oclober,
and February sampling dates were 399, 200, and
11.8%. respectively. Those are minimum estimates
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Figure 2. Estimalted densities of fry and parr of Atlantic satmoen
at different distances from an artificial redd (0) during the early
dispersal phase as estimated from trapping {a) and during
successive electrofishing inventories (b. ¢, d).

because some emigration may have occurred during the
period.

Discussion

We consider separately the fry and parr stages. since two
different methods were used 1o make the population
“estimates and different factors may be involved Lo
explain their distribution and movements.

Distribution of fry _
“The validity of estimates of number of fry drifting past
the nets und settling at different distances from the redd

depended on several assumptions. First of all, the experi-
mental design to study the movements of Ity tollowing

emergence was based on the assumption of passive drift.
which meant that the Ity would be randomly or uni-
formly distributed across the stream width and depth
and that the catch of fry would be proportional to the
flow. Each net filtered close to 3% of the low and care
was taken to place the trap on a transect with a flat
bottom, where flow wus smooth and devoid of obstacles
provoking turbulences or eddy currents. The net open-
ing allowed sampling of the whole water column. How-
ever, sumpling may be biased if fry move actively
downstream, and prefer, for insiance, the banks rather
than the midstream current. If this were the case in our
experiment. sampling would underestimate population
size since the nets were placed in the middle part of the
stream. MacDonald (1960). studying the distribution of
fry of four Oncorfivnchus spp. in Williams Creek (British
Columbia). found that sockeye (O rerka) and pink
(0. gorbuscha) fry catches were related to water velocity,
thus suggesting passive drift, whereas coho (O, kisutch)
and chum (0. keta) appeared to prefer the sides of the
river. In an artificial channel, Marty and Beall (1989%)
found no difference between captures of Atlantic salmon
fry in nets filtering the same volume of flow along the
bunks or in the niddle of the stream. Because of this,
and of the way the nets were placed along transects in
the Lapitxuri Brook, we feel that drifling or downstream
moving Ity were sampled representatively. This conten-
tion seems Lo be supported by the homogenous captures
in the first three traps.

Another assumption concerning the estimates of drift-
ing fry was that the freshet of 4 April. which interrupted
trapping. occurred at the end of the dispersal phase
immediately following emergence. If this phase was not
terminated then survival to emergence and early dis-
persal would be underestimated, us well as the number
of Iry settling between the nets. The shape of the daily
capture distribution at trap | corresponds closely to that
obtained during others experiments in the artificial chan-
nel (Marty and Beall, 1987, 1989) or in natural streams
{Randall. 1982), presenting a single mode with about
95% of captures occurring within 12 to 15 days. We
therefore conclude that the captures between 13 March
and 4 April should cover well the emergence and early
dispersal phases. Even if survival and Ity densities are
underestimated at this stage. the main conclusion that
the majarity of fry disperse within the first 2 weeks still
stands. This is in agreement with the observation made
in natural stream systems by Randall (1982), Hay
(1989). Gustafson-Greznwood and Moring (1990). This
downstream movement, as indicated by the captures in
traps placed at different distances from the redd. was
rapid and not just progressive. Fry covered 40-50 m per
night in the first hundred metres, and some travelled
300 m or more within the same night. Downstream
movemenl was also massive, with an estimated 91% of
the surviving population settling within 400 m from the
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redd. A similar result was reported by Hay (1989) on the
Girnock Burn, with fry observed 743 m downstream
from an isolated redd. These observations contrast with
those of several authors who note a colonization over a
short distance. Egglishaw and Shackley (1973, 1980).
Kennedy (1988), and Gustafson-Greenwood and
Moring (1990 found that fry settled within 100 m
downstream from the redd, and no further than 400
600 m. Following the first 2 or 3 weeks after emergence.
the {ry are supposed to be very sedentary with a weak
capacity lor dispersal (McCrimumon, 1954: Saunders and
Gee. 1964, Symons, 1969; Bulleid. 1973; Le Gault and
Lalancette, 1987).

ln order to estimate the number of fry settling in the
sections between traps, we made the assumption of
negligible mortalities during this period. Some mor-
talities may have occurred during movement, but since
dispersal was massive and rapid, and took place mostly
during the night (Claireaux et al., 1993), predation must
have been limited. Moreover, competition can be dis-
missed as a source ol mortality at this stage because this
dispersal occurred before the onset of territorial behav-
tour (Marty and Beall, 1989). The downstream moving
Iry were actively feeding and growing as shown by the
change of weight samples, and not in a moribund state
as the brown trout described by Elliott (1986) in Black
Brows Beck.

The downstream movements of fry were not related to
temperature (daily averapes between 9 and 12.2°C) or
dischurge, which showed very little variation during the
period 13 March-3 April. Emerging {ry may be swept
away by the current during swim-up since they do not
yet possess full swimming capacities, and particularly if
this occurs ut night, when they may lose visual contact
with the substratum. However, they are typically benthic
organistns and do not usually swim away [rom the
bottom (Beall er al., 1989). It is doubtful then that with
current velocity averaging 0.6 m s~ ', well within the
range of values found in redd and riffle areas, they would
be carried passively as far as 200 or 400 m downstream.
More research on fry behaviour at emergence is needed
to understand the mechanisms ol this initial downsiream
movement.

A change in juvenile distribution occurred between
the spate on 4 April and the June census (Fig. 2), with
the majority of salmon spreading from the 0-400-m zone
to the 0-900-m, zone and many moving all the way to
the confluence with the Nivelle 2400 m downstream.
This change may have been caused by the spate. with
many {ry being swept away by the strong current. Mills
{1964} found this to happen with hatchery-reared fry
soon after release. However, the spate of 4 April was not
very strong, Discharge increased from 0.4-0.5m*s ' in
the preceding 3 weeks to 1L.Om® 57" at the peak of the
spate and average velocities from 0.6 10 0.75m s~ L.
Ottaway and Clarke (1981) and Crisp and Hurley (1991}

found that salmon fry had low rates of dispersal.
between 0.25 and 0.7 m s ~ . In the Lapitxuri, there was
some upstream movement during this period. indicating
that fry displaced actively. Thus, the shift in density
may have been the result of territorial competition
which would occur at about this time afler emerpence
{Kalleberg, 1958; Héland. 1971). Densitics as high as 10
fry m ~? were estimated over short distances near the
redd (Fig. 2) just before the spate, and competition for
space and feeding territories could be intense under these
conditions. Interspecific competition was considered to
be unimportant because very few irout juveniles were
captured in the traps and during the June inventory.

Distribution of parr

In June. juvenile salmon densities near the redd had
decreased to slightly over one individual m ™7, while
densities in the 400-800-m zone increased from 0.35 to
0.65 individuat m ™% Another shift in distribution
appeared during summer, with the levelling off of the
highest densities near the redd and the formation of u
mode in the 300-900-m zone, certainly due to density-
dependent mortalities and out-migration {Mills. 1964).
Elson (1957) found that hatchery parr released at high
densities could migrate up to 800 m upstream from the
release site and 1600 m downstream. During winter,
upstrearn movements appeuared (o increase. In the
Nivelle River, a large proportion of parr mature at 0+
(Dumas and Beall, unpublished data); adult salmon
were released in the artificial channel upstream from the
study area and spawned naturally in December 1989
Their activities may have altracted mature parr via
pheromones (Moore and Scott, 1991). Garcia de Leaniz
(1989) found that mature male parr moved significantly
more than immature male parr during the spawning
feason,

Growth and survival

Growth is usually rapid m our latitude. However, it was
a little slower in the Luapitxuri than in the Nivelle proper
(74 mm in October). It was comparable to that found in
Brittany by Bagliniere and Maisse {1989%) on a smull
tributary of the River Scorfl (73 mm).

Minmum estimates of survival to emergence and
early dispersal (51.9%) or to yearling parr (11.8%) fell
within the range of high values cited by Bley and Moring
(1988 for this species at similar stages, Survival during
incubation to emergence wus [ound to be much lower in
the River Nivelle and quite comparable in an artificial
stream located on the Lapitxuri Brook (Beall ef af,
1991). These results can be attributed 1o the good qualbity
of the spawning habitat in the Lapitxuri and in the
artificial stream.
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